Data-independent acquisition (DIA) mass spectrometry (MS) is a powerful label-free 17 technique for deep, proteome-wide profiling. DIA methods typically rely on sample-specific 18 spectrum libraries from data-dependent acquisition (DDA) experiments, built at the expense of 19 time, sample, and substantial offline fractionation effort. We report on a workflow that empirically 20 corrects fragmentation and retention times in predicted spectrum libraries using DIA data, 21
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When sample-specific spectrum library generation is either impossible or impractical, as 1 is frequently the case with non-model organisms, sequence variants, splice isoforms, or scarce 2 sample quantities, software tools such as Pecan 2 and DIA-Umpire 3 can detect peptides from 3 DIA experiments without a spectrum library by searching FASTA databases. However, these 4 tools typically detect fewer peptides than library approaches, which leverage smaller search 5 spaces, previously acquired instrument-specific fragmentation, and measured retention times. 6
Our workflow (Fig. 1a ) uses a recently developed deep neural network, Prosit 4 , to predict 7 a library of fragmentation patterns and retention times for every peptide in FASTA databases. 8
Gas-phase fractionation (GPF) improves DIA detection rates 2 by running samples multiple times 9 with different precursor isolation windows 5 . Here we search six GPF-DIA runs of a sample pool 10 with EncyclopeDIA 6 against the predicted library. Using these results, we empirically correct the 11 predicted library by filtering out peptides that cannot be found in the pool, and replacing 12 retention times and fragmentation in the predicted library with sample/instrument-specific values 13 found in the six runs. 14 Although searching single-injection DIA directly with predicted libraries is highly 15 dependent on prediction accuracy, we found that our workflow produced high-quality libraries 16 even if the predicted libraries were not precisely tuned for the instrument, suggesting broad 17 cross-platform applicability. We demonstrated this by modulating the normalized collision 18 energy (NCE) setting in Prosit ( Fig. 1b ) and found that with a wide range of NCE settings, 19
searching GPF-DIA of yeast on a Fusion Lumos MS produced larger empirically-corrected 20 libraries than a sample-specific 10-fraction DDA library ( Fig. 1c ). Searches of single-injection 21 DIA were less sensitive to prediction accuracy after empirical correction ( Fig. 1d ), which 22 produced libraries with improved fragmentation and retention-time accuracy over both the 23 6/23 NaCl, 1 mM EDTA (pH 8) followed by 7 cycles of 4 minutes bead beating with glass beads. 5
After a 1 minute rest on ice, lysate was collected by piercing the tube and centrifuging for one 6 minute at 3,000 x g and 4°C into an empty eppendorf. After further centrifugation at 21,000 x g 7 and 4°C for 15 minutes, the protein content of the supernatant was removed and estimated 8 using BCA. Proteins were then reduced with 5 mM dithiothreitol for 30 minutes at 55°C, 9 alkylated with 10 mM iodoacetamide in the dark for 30 minutes at room temperature, and diluted 10 to 1.8 M urea, before digestion with sequencing grade trypsin (Pierce) at a 1:50 enzyme to 11 substrate ratio for 16 hours at 37°C. 5N HCl was added to approximately pH 2 to quench the 12 digestion, and the resulting peptides were desalted with 30 mg MCX cartridges (Waters). 13
Peptides were dried with vacuum centrifugation and brought to 1 μg / 3 μl in 0.1% formic acid 14 (buffer A) prior to mass spectrometry acquisition. 15
Plasmodium falciparum culture and red blood cell sample preparation. Three flasks of 16 stage IV/V P. falciparum NF54 gametocytes were prepared. Asexual cultures were 17 synchronized with sorbitol and set up at 5% hematocrit and 1% parasitemia. and eluted with a linear gradient from 7% to 38% buffer B over 90 minutes. Following the linear 20 separation, the system was ramped up to 75% buffer B over 5 minutes and finally set to 100% 21 buffer B for 15 minutes, which was followed by re-equilibration to 2% buffer B prior to the 22 subsequent injection. Data were acquired using data-independent acquisition (DIA). 23
The Thermo Fusion Lumos was set to acquire 6 GPF-DIA acquisitions of a biological 10/23 gain control (AGC) target was set to 4e5, the maximum ion inject time (IIT) was set to 60 ms, 1 the normalized collision energy (NCE) was set to 33, and +2H was assumed as the default 2 charge state. The GPF-DIA acquisitions used 4 m/z precursor isolation windows in a staggered 3 window pattern with optimized window placements (i.e., 398.4 to 502.5 m/z, 498.5 to 602.5 m/z, 4 598.5 to 702.6 m/z, 698.6 to 802.6 m/z, 798.6 to 902.7 m/z, and 898.7 to 1002.7 m/z). Individual 5 samples for proteome profiling acquisitions used single-injection DIA acquisitions (120,000 6 precursor resolution, 15,000 fragment resolution, AGC target of 4e5, max IIT of 20 ms) using 8 7 m/z precursor isolation windows in a staggered window pattern with optimized window 8 placements from 396.4 to 1004.7 m/z. 9
For generation of an S. cerevisiae spectral library, 80 μg of the same tryptic digests 10 described above were separated into 10 total fractions using the Pierce high-pH reversed-phase 11 peptide fractionation Kit (Thermo, #84868). Briefly, peptides were loaded onto hydrophobic resin 12 spin column and eluted using the following 8 acetonitrile steps: 5%, 7.5%, 10%, 12.5%, 15%, 13 17.5%, 20.0%, and 50%, keeping both the wash and flow-through. The resulting peptide 14 fractions were injected into the same Thermo Fusion Lumos using the same chromatography 15 setup and column described above, but configured for data-dependent acquisition (DDA). After 16 adjusting each fraction to an estimated 0.5 to 1.0 μg on column, the fractions were measured in 17 a top-20 configuration with 30 second dynamic exclusion. Precursor spectra were collected from 18 300-1650 m/z at 120,000 resolution (AGC target of 4e5, max IIT of 50 ms). MS/MS were 19 collected on +2H to +5H precursors achieving a minimum AGC of 2e3. MS/MS scans were 20 collected at 30,000 resolution (AGC target of 1e5, max IIT of 50 ms) with an isolation width of 21
m/z with a NCE of 33. 22
Liquid chromatography mass spectrometry (P. falciparum). Tryptic P. falciparum and RBC 23 peptides were separated with a Thermo Easy nLC 1000 and emitted into a Thermo Q-Exactive 11/23 capillary and packed with 3 μm ReproSil-Pur C18 beads (Dr. Maisch) to 30 cm. Trap columns 1 were created from Kasil fritted 150 μm inner diameter fused silica capillary and packed with the 2 same C18 beads to 2 cm. The HPLC was performed using 250 nl/min flow with solvent A as 3 0.1% formic acid in water and solvent B as 0.1% formic acid in 80% acetonitrile. For each 4 injection, 3 μl (approximately 1 μg) was loaded and eluted using a 84-minute gradient from 6 to 5 40% buffer B, followed by steep 5-minute gradient from 40 to 75% buffer B and finally set to 6 100% buffer B for 15 minutes, which was followed by re-equilibration to 0% buffer B prior to the 7 subsequent injection. Data were acquired using either DDA or DIA. 8
The Thermo Q-Exactive HF was set to acquire DDA in a top-20 configuration with "auto" 9 dynamic exclusion. Precursor spectra were collected from 400-1600 m/z at 60,000 resolution 10 Each database was digested in silico to create all possible +2H and +3H peptides with 1 precursor m/z within 396.43 and 1002.70, assuming up to one missed cleavage. Peptides were 2 further limited to be between 7 and 30 amino acids to match the restrictions of the Prosit tool 4 . In 3 general, NCE were assumed to be 33 (yeast was processed using NCE from 15 to 42 in 3 NCE 4 increments) but modified to account for charge state. Since DIA assumes all peptides are of a 5 fixed charge, we adjusted the NCE setting as if peptides were fragmented at the wrong charge 6 state using the formula: 7 = * ./0123(56./781 09/3:6)
./0123(<6<1=56 09/3:6) 8 where the factors were 1.0 for +1H, 0.9 for +2H, 0.85 for +3H, 0.8 for +4H, and 0.75 for +5H and 9 above 11 . After submitting to Prosit, predicted MS/MS and retention times were converted to the 10 EncyclopeDIA DLIB format for further processing. Scripts to produce Prosit input from FASTAs 11 and build EncyclopeDIA-compatible spectrum libraries from Prosit output are available as 12 functions in EncyclopeDIA 1.0. 13 DDA data processing. All Thermo RAW files were converted to .mzML format using the 14 ProteoWizard package 12 (version 3.0.18299) using vendor peak picking. DDA data was 15 searched with Comet 13 (version 2017.01 rev. 1), allowing for fixed cysteine 16 carbamidomethylation, variable peptide n-terminal pyro-glu, and variable protein n-terminal 17 acetylation. Fully tryptic searches were performed with a 50 ppm precursor tolerance and a 0.02 18 Da fragment tolerance permitting up to 2 missed cleavages. High-pH reverse-phase fractions 19
were combined and search results were filtered to a 1% peptide-level FDR using 20
PeptideProphet 14 from the Trans-Proteomic Pipeline 15 (TPP version 5.1.0). A yeast-specific 21
Bibliospec 16 DDA spectrum library was created from Thermo Q-Exactive DDA data using 22 13/23 P. falciparum and RBC DDA data was additionally processed with MaxQuant 18 (version 1 1.6.5.0) to perform label-free quantitation with precursor ion integration. MaxQuant was 2 configured to use default parameters, briefly fixed cysteine carbamidomethylation, variable 3 methionine oxidation, and variable protein n-terminal acetylation. Fully tryptic searches were 4 performed with a 20 ppm fragment tolerance using both the human and P. falciparum FASTA 5 databases, as well as common contaminants and filtered to a 1% peptide-level FDR. 6
Quantification was performed using unique and razor peptides with the match between runs 7 setting turned on. 8 DIA data processing. DIA data was overlap demultiplexed 19 with 10 ppm accuracy after peak 9 picking in ProteoWizard (version 3.0.18299). Searches were performed using EncyclopeDIA 10 (version 0.8.3), which was configured to use default settings: 10 ppm precursor, fragment, and 11 library tolerances. EncyclopeDIA was allowed to consider both B and Y ions and trypsin 12 digestion was assumed. EncyclopeDIA search results were quantified and filtered to a 1% 13 peptide-level using Percolator 20 (version 3.1) and 1% protein-level FDR assuming parsimony. 14
Empirically-corrected library generation. Predicted libraries were corrected with 15
EncyclopeDIA using the chromatogram library method described previously 6 . Briefly, GPF-DIA 16 samples for a given study were loaded into EncyclopeDIA using the above parameters, where 17 the search library was set to the appropriate predicted spectrum library. Peptides detected by 18
EncyclopeDIA were exported as a chromatogram library. • Fusion-class orbitrap instruments: Actual NCE setting 9
• Q-Exactive-class orbitrap instruments: Actual NCE setting + 6 10
• ToF instruments: EV/2.5 11
This will create a CSV file in the same directory as your FASTA. 12 13 14
Generating Prosit Predictions: 15
First, go to the Prosit website at https://www.proteomicsdb.org/prosit/. Using the "Spectral 16
Library" tab, follow these three steps:
23
After the job has been submitted, record your Task ID. Depending on the size of the FASTA, 24 your task may take hours to days to process. You can refresh the URL to check if your job has 25 finished, or save the URL to check back at a later time. Once your task is complete, download 26 the resulting files: 27 28 21/23 1 2 3
Creating an EncyclopeDIA Library from Prosit CSV Output: 4
The "Convert/Create Prosit CSV from FASTA" menu option launches a dialog for building a 5 predicted library. Upload the Prosit output CSV and your original FASTA database: 6 7 8 9
This will create a DLIB library in the same directory as your CSV. 10 11 12
Making an Empirically-Corrected Library from Gas-Phase Fractionated Runs: 13
Using EncyclopeDIA parameter tab, specify the DLIB library and your FASTA database. Then 14 set up your EncyclopeDIA search using settings appropriate for your experiment. For example, 15 the following settings are appropriate for most orbitrap mass spectrometers: 16 17 22/23 1 2
Then, queue up mzML files from your gas-phase fractionated runs. We recommend using 3 MSConvert (Proteowizard) for building vendor-neutral mzML files from your vendor-specific raw 4 files: 5 6 7 8
Once your files have finished processing, press the button "Save Chromatogram Library" to 9 create your empirically-corrected library in an ELIB format. You can use this ELIB library in 10 EncyclopeDIA, Skyline, or Scaffold DIA to analyze your single-injection DIA experiments. 11 12 13
